Introduction
The application of new discoveries and advances in science towards commercial use and for public purposes depends mainly upon actions by entrepreneurs who create new technology-based firms. However, in some industries, such as healthcare and biotechnology, the high cost of commercialization makes it unlikely that any new, small firm can succeed on its own. To overcome this challenge, many smaller firms enter into strategic partnerships with larger firms.
Although the literature on strategic partnerships is well developed, the majority of studies focus on large, established firms. There is absence of studies that look at strategic partnerships -and specifically the role of open innovation -in the development of small and innovative biotechnology firms. This article addresses this gap in the literature with a focus on new firms in the biotechnology cluster in Belgium, where there is a growing trend towards technological and market-driven relationships between large and small biotechnology firms.
For this research, a number of stock-exchange-listed biotechnology firms in Belgium are screened and monitored. Most of these new biotechnology firms are unlikely to become fully integrated pharmaceutical companies, because they are heavily dependent on their large strategic partners, especially for: marketing outlets, resource manufacturing when they reach the commercialization stage, continuing product development efforts, licensing agreements, and milestone payments.
While aiming for sustainable growth, most of the new biotechnology firms in Belgium have not yet reached this level of maturity and are acutely aware of the possibility of takeover. The objective of this article is to develop an understanding of how strategic partnerships influence the development of these new and innovative biotechnology firms and the role that open innovation might play in the success of these relationships.
This article is structured as follows. The first section provides an overview of biotechnology business models to show how strategic partnerships and open innovation are commonly leveraged in this industry. The second section describes the research methodology of this study. The third section presents the results of this study of the biotechnology sector in Belgium. In the final section, conclusions are provided.
Strategic partnerships in the biotechnology industry allow new technology-based firms to gain a foothold in this high-cost, high-risk industry. In this article, we examine the impact of strategic partnerships and open innovation on the success of new biotechnology firms in Belgium by developing multiple case studies of firms in regional biotechnology clusters. We find that, despite their small size and relative immaturity, new biotechnology firms are able to adopt innovative business models by providing R&D and services to larger firms and openly cooperating with them through open innovation. 
Successful innovation is not

Biotechnology Business Models and Open Innovation
To varying degrees, new biotechnology firms depend on strategic (technology) partnerships with other organizations or large firms. In most of the partnerships, the initial research and innovation developed by the smaller firms is transferred to their larger counterparts. According to Contracter and Lorange (2002;  tinyurl.com/colwgoe), "the term "alliances" covers several governance modalities ranging from relational contracting to licensing, to logistical supply-chain relationships, to equity joint ventures or to the complete merger of two or more organizations".
According to Porter (1985; tinyurl.com/bom3jck) , "the business model outlines how a company generates revenues with reference to the structure of its value chain and its interaction with the industry value system". In the biotechnology industry, the business model for a new, small company is necessarily dependent on collaboration with other organizations. As Fisken and Rutherford (2002; tinyurl.com/c2xoaxv) explain: "for a biotechnology company, the business model serves to secure value from the company's proprietary technology and know-how and is currently often heavily reliant on large (bio)pharmaceutical or established biotechnology company customers, collaborators and partners".
Biotechnology companies have traditionally used a variety of business models to enter the life sciences, pharmaceutical, or healthcare markets. Fisken and Rutherford (2002; tinyurl.com/c2xoaxv) and Pareras (2008; tinyurl.com/cch3s52 ) distinguish between three key business models based on the value chain structure of the biotechnology industry:
1. Product-based: this vertical business model has its origins in the "fully integrated pharmaceutical company", where medicines are developed by the company from the point of discovery up to the end of clinical trials or up to approval. According to Fisken and Rutherford (2002; tinyurl.com/c2xoaxv) this business model "aims to generate value in progressing products along the drug development process and either licensing them out to pharmaceutical and top tier biotechnology companies or taking them straight through to commercialization." 2. Platform-based: with this business model, companies develop a set of tools or integrated technologies and license them out. Revenue can be generated relatively quickly through contract research and services. Thus, this business model reduce risk and the need for venture capital. Parares (2008; tinyurl.com/cch3s52) calls companies following this model "royalty income pharmaceutical companies". These small companies research and develop a new drug, which they eventually license to a large pharmaceutical company in exchange for a royalty on sales.
3. Hybrid: this is the dominant business model in the biotechnology industry. It is a hybrid of the productbased and platform-based business models and focuses on generating a pipeline of products. Investors benefit from reduced risks and the possibility of nearterm revenue generation. In the hybrid business model, technology platforms are combined with services and the creation of products.
The choice of business model may depend on the type of innovation; indeed, Pisano (2006; tinyurl.com/cmx23cs) distinguishes between "types of pharmaceutical innovations which call for vertical integration and which call for alliance-building and R&D outsourcing". However, for new, small technology companies the high risk and high cost of developing and commercializing a new product on their own make the platform-based and hybrid business models attractive.
O'Doherty (1990; tinyurl.com/cxekka3) argues that "strategic partnerships and alliances perhaps represent the greatest need but also the greatest challenge for small firms and small countries". The challenges include both determining the strategic direction of the firm but also finding "suitable and willing" partners to collaborate with. In the biotechnology industry, open innovation might have a role play in meeting these challenges and in the success of the strategic partnerships, both from the perspective of new, small companies and established, large companies. 
Research Methodology
To investigate the impact of strategic partnering -and specifically the role of open innovation -on the growth and survival of new biotechnology firms, we employed a case study research design (Yin, 1984; tinyurl.com/clf7wbd ). Our focus is new technology companies operating within the biotechnology clusters in Belgium. Through interviews and available secondary data, we screened a sample of stock-exchange listed biotechnology firms, which are representative of the Belgian biotechnology industry. These firms were selected based on several criteria so that the sample would include representation from each of the three business models described above (i.e., product-based, platform-based, and hybrid).
We expect to find that:
1. New biotechnology firms located in Belgium will have to work together with international (bio)pharmaceutical firms to create substantial added value.
2. The success of future new biotechnology firms in Belgium will depend on setting up strategic partnering alliances.
3. Most of the new biotechnology firms in Belgium are unlikely to become fully integrated pharmaceutical companies (i.e., they are unlikely to adopt a productbased business model).
Case Study Results: Biotechnology in Belgium
The life sciences and biotechnology have become important sources of new economic development in Belgium, and many new biotechnology firms in Belgium are university spin-offs. Due to strong collaboration between research institutes, universities, venture capitalists/high-risk finance providers, and existing large companies, strong biotechnology clusters have developed in the regions of Flanders (Ghent and Leuven) and Wallonia (Liège and Louvain-La-Neuve).
The Belgian biotechnology industry is now firmly positioned as the key player in Europe, with a market capitalization of about 30% in the eurozone. Belgium now accounts for more than 150 new biotech firms, which represent 7% of European biotechnology firms and 10% of R&D expenditures (OECD, 2011; tinyurl.com/bqynwvj).
Biotechnology clustering in Belgium is the result of a "regional innovation systems" point of view (Segers, 1996; tinyurl.com/cmt8tgr). The region-specific technology policy in Belgium (Segers, 1992; tinyurl.com/cx4uzno) has been organized around two focal points: i) the existence of state-of-the-art research potential in the country's universities and ii) emerging technology centres, charged with supporting new technology-based firms (Segers, 1993; tinyurl.com/bl58bym) .
Over the years, a wide range of incentives have been created for assisting new technology-based firms. The main categories are:
• financial and fiscal incentives (e.g., the Belgian patent income deduction regime)
• employment incentives
• access to seed, venture, and growth capital
• government-supported laboratories and industryspecific collective research centres
• technology clusters and infrastructural incentives
• establishment of incubators in the proximity of universities for stimulating and assisting university spin-offs www.timreview.ca
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The critical success factors are:
• access to key scientific personnel and mobility of researchers
• access to seed and venture capital
• the number of initial public offerings (IPOs)
• operating losses in the early stages of development
• regulatory approval from the Food and Drug Administration (FDA; fda.gov) in the United States and from the European Medicines Agency (EMA; ema.europa .eu/ema/) in the European Union
• patents and intellectual property rights
• dependence on the strategic large partner(s)
• expected revenues derived from the strategic large partner(s) (e.g., milestone payments)
• manufacturing, clinical trial and regulatory compliance capabilities
Strategic partnerships
Within Belgium's strong regional clusters, we found a large number of strategic technology partnerships between large, international, and established chemical or (bio)pharmaceutical firms and new biotechnology firms. Table 1 lists 10 biotechnology firms from this study, along with details of their strategic partnership alliances. While aiming for sustainable growth, most new biotechnology firms in Belgium have not yet reached an independent stage of maturity and are predominantly driven by the takeover alternative, as was the case in recent years for Movetis (Shire) and Devgen (Syngenta). Up to this point, only ThromboGenics, Galapagos, and UCB have succeeded in becoming mature, self-sustaining biotechnology firms. Box 1 provides further detail on the current "star" in the Belgian biotechnology industry: ThromboGenics.
We observed strong collaboration between research institutions, universities, venture capitalists, high-risk finance providers, existing large companies, and new biotechnology firms. The basic innovative activity occurs mainly in university-based new biotechnology firms (i.e., new, small firms that are spin-offs from university research centres performing state-of-the-art research).
On the other hand, large and international chemical or (bio)pharmaceutical firms participate in or establish joint ventures with university research centres and small, university-based new biotechnology firms. Of the new biotechnology firms in Belgium that were included in this study, most are unlikely to become fully integrated pharmaceutical companies, because they are heavily dependent on their strategic large partners, especially for marketing outlets, for manufacturing resources when they reach the commercialization stage, and for continuing product development efforts. They have to rely heavily on licensing agreements and milestone payments.
Conclusions
Our case-based analysis of the biotechnology industry in Belgium shows that strategic technology partnerships between new biotechnology firms and established, large, and international (bio)pharmaceutical companies have a significant impact on the survival and growth of these new biotechnology firms.
Our evidence supports the assertion by Fisken and Rutherford (2002; tinyurl.com/c2xoaxv) : "while a small number of companies with access to a large supply of capital may be able to complete downstream integration and revert to the [fully integrated pharmaceutical company] model, the majority of biotechnology comBox 1. The case of ThromboGenics ThromboGenics (thrombogenics.com) is a biopharmaceutical company focused on the discovery and development of innovative medicines for the treatment of eye diseases. The company was established in the 1980s as a spin-off of the University of Leuven. ThromboGenics developed over the years from a university spin-off to a fully integrated specialty pharmaceutical company. It is now the "star" amongst new biotechnology firms in Belgium.
ThromboGenics' lead product, Jetrea (ocriplasmin), has been approved by the FDA and the EMA, and the company recently signed an important strategic partnership with Alcon (Novartis) to commercialize Jetrea outside the United States (tinyurl.com/c6795v9).
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